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$EVWUDFW &RQWHPSRUDU\ GRPHVWLF VWUXFWXUHV W\SLFDOO\ XVH PDVRQU\ XQLWV WKDW DUH DSSUR[LPDWHO\
PP WKLFN 7KHUH LV LQWHUHVW LQ XVLQJ FRPPHUFLDOPHWKRGV RIPDQXIDFWXUH WR SURGXFH HDUWKHQ
EULFNV WKDW KDYH D VLPLODU IRUP IDFWRU WR FRQYHQWLRQDOPDVRQU\ 7KH ODUJH VFDOH DGRSWLRQ RI WKLQ
ZDOOHGXQILUHG HDUWKPDVRQU\ LVGHSHQGHQWRQ LWV VXLWDELOLW\ IRUXVH LQD ORDGEHDULQJDSSOLFDWLRQ
+LJKPRLVWXUHFRQWHQWOHDGLQJWRIXOOVDWXUDWLRQIRUH[DPSOHDVDUHVXOWRIIORRGLQJLVDFRQFHUQIRU
XQVWDEOLVHG HDUWK FRQVWUXFWLRQ HVSHFLDOO\ DVZDOO WKLFNQHVV UHGXFHV7KHJUHDWHVW EDUULHU IRU HDUWK









&RPSUHVVLYH VWUHQJWK RI F\OLQGHUV DIWHU VDWXUDWLRQ ZDV XVHG DV DQ LQGLFDWRU RI HIIHFWLYH
VWDELOLVDWLRQ7KHPD[LPXPGU\FRPSUHVVLYHVWUHQJWKDFKLHYHGZDV1PPZLWKWKHDGGLWLRQRI
 VRGLXP K\GUR[LGH DQG  VRGLXP VLOLFDWH DIWHU FXULQJ DW & 7KH PRVW VLJQLILFDQW
FRQWULEXWRUWRWKHVWUHQJWKJDLQZDVWKHDGGLWLRQRIVRGLXPVLOLFDWH$OWKRXJKVRPHRIWKHF\OLQGHUV
ZHUHDEOH WREH WHVWHGXQGHU IXOO\VDWXUDWHGFRQGLWLRQV WKHVWUHQJWKVDFKLHYHGZHUHQHJOLJLEOHDQG
LQVXIILFLHQW IRU VWUXFWXUDO DSSOLFDWLRQ 7KH SRWHQWLDO IRU JHRSRO\PHUV DV D PHWKRG RI VWDELOLVLQJ
XQILUHGHDUWKEULFNVLVGLVFXVVHGZLWKUHVSHFWWRWKHFRPSUHVVLYHVWUHQJWKVDFKLHYHG
,QWURGXFWLRQ
(DUWK DV D FRQVWUXFWLRQ PDWHULDO LV W\SLFDOO\ DVVRFLDWHG ZLWK ORZ HPERGLHG HQHUJ\ GXH WR WKH
PLQLPDOSURFHVVLQJUHTXLUHG$ORQJZLWKHQYLURQPHQWDOEHQHILWVIURPXVLQJHDUWKWKHDHVWKHWLFDQG




PDWHULDO EHFRPHVPDLQVWUHDP7KH IRFXVRI WKLVSDSHU LV RQ H[WUXGHGHDUWKPDVRQU\XQLWV7KHVH












SRWHQWLDO LQFUHDVH LQ FRVW 0DVNHOO HW DO  VKRZHG WKDW LQFUHDVLQJ WKH ZDOO WKLFNQHVV WR
DSSUR[LPDWHO\ PP JLYHV WKH ZDOO FRQVWUXFWLRQ WKH VDPH HPERGLHG HQHUJ\ DV GHQVH FRQFUHWH
EORFN ZRUN ,W LV WKHUHIRUH HQYLURQPHQWDOO\ DQG FRPPHUFLDOO\ GHVLUDEOH WR NHHSZDOOV DV WKLQ DV
SRVVLEOH
+HDWKHWDODGHPRQVWUDWHGWKHVWUXFWXUDOIHDVLELOLW\IRUPPWKLFNH[WUXGHGHDUWKPDVRQU\
7KH FRPSUHVVLYH VWUHQJWK RI WKH XQLWV UDQJHG IURP  WR 1PPZKHQPHDVXUHG DW DPELHQW
WHPSHUDWXUH DQG KXPLGLW\ OHYHO +HDWK HW DO  +HDWK HW DO  GHPRQVWUDWHG DQ
H[SRQHQWLDOUHODWLRQVKLSEHWZHHQFRPSUHVVLYHVWUHQJWKDQGPRLVWXUHFRQWHQWIRUWKHH[WUXGHGHDUWK
XQLWV:LWK LQFUHDVLQJPRLVWXUH FRQWHQW WKH FRPSUHVVLYH VWUHQJWKGHFUHDVHV8QGHU IXOO VDWXUDWLRQ
WKHH[WUXGHGEULFNVORRVHDOOVWUHQJWKDQGGLVLQWHJUDWH0DVNHOOHWDO
7KHUHGXFWLRQLQFRPSUHVVLYHVWUHQJWKXQGHUWKHH[WUHPHPRLVWXUHFRQWHQWVSRVHVWKHELJJHVWEDUULHU





	 *XSWD  :DONHU  7KHUH DUH DVVRFLDWHG HQYLURQPHQWDO LPSDFWV RI XVLQJ WKHVH








DV WRR KDUVK DQG QRW UHSUHVHQWDWLYH RI LQVHUYLFH FRQGLWLRQV EXW WHVWLQJ XQGHU WKLV FRQGLWLRQZLOO
JLYH FRQILGHQFH DV LW LV HTXLYDOHQW WR WKDW IRU FRQFUHWH EORFNV  6DWXUDWHG SHUIRUPDQFH RI HDUWK
PDVRQU\UHPDLQVRQHRIWKHJUHDWHVWEDUULHUVWRFRPPHUFLDODGRSWLRQ0DVNHOOHWDO
%DFNJURXQG
7KH WHUP µJHRSRO\PHU¶ FDQ EH DSSOLHG WR D UDQJH RI SURGXFWVZLWK VLPLODU XQGHUO\LQJ FKHPLVWU\
$PRUSKRXV WKUHHGLPHQVLRQDO LQRUJDQLF SRO\PHUV DUH IRUPHG WKURXJK WKH UHDFWLRQ RI
DOXPLQRVLOLFDWHSUHFXUVRUZLWKDQDONDOLQHVROXWLRQDFWLYDWRU7KHSUHFXUVRUVFDQEHVRXUFHGIURPD
UDQJHRIDOXPLQRVLOLFDWHVVRXUFHVLQFOXGLQJQDWXUDOFOD\VRWKHUQDWXUDOPLQHUDOVFDOFLQHGFOD\VDQG




KLJKO\ UHILQHG DOXPLQRVLOLFDWH SUHFXUVRUPHWDNDROLQ0HWDNDROLQ LV SURGXFHG IURP KHDWLQJ NDROLQ
 1RQ&RQYHQWLRQDO0DWHULDOVDQG7HFKQRORJLHVIRU6XVWDLQDEOH(QJLQHHULQJ
IROORZHGE\JULQGLQJWRSURGXFHDILQHSRZGHU.DROLQLVDFOD\PLQHUDOZLWKRQHVLOLFDWHVKHHW
MRLQHG WR DQ DOXPLQD VKHHW *HRSRO\PHUV XVLQJ WKH SUHFXUVRU RI XQFDOFLQHG NDROLQ RU LOOLWH LV
W\SLFDOO\ D ORZHU VWUHQJWK WKDQPHWDNDROLQ DQG DUH XQVXLWDEOH IRU VWUXFWXUDO FRQFUHWH 'DYLGRYLWV

,QWHUHVW LQ XVLQJ JHRSRO\PHU WHFKQRORJ\ IRU HDUWK FRQVWUXFWLRQ LV GXH WR WKH PLQHUDORJLFDO DQG
FKHPLFDOPDNHXS RI HDUWK$OWKRXJK REYLRXVO\ YDULDEOH FRKHVLYH VRLOV WKDW DUH XVHG IRU HDUWKHQ
VWUXFWXUHV KDYH D TXDQWLILDEOH DPRXQW RI FOD\ PLQHUDO FRQWHQW DQG DUH LQKHUHQWO\ D VRXUFH RI
DOXPLQRVLOLFDWHVVXFKDVNDROLQDQGLOOLWH7KLVPHDQVWKDWWKHQDWXUDOFOD\PLQHUDOVIRXQGZLWKLQWKH
VRLO FDQ EHFRPH DQ HVVHQWLDO SDUW RI WKH VWDELOLVLQJ PHFKDQLVP UDWKHU WKDQ VLPSO\ EHLQJ
HQFDSVXODWHGE\WKHVWDELOLVHUDVLVWKHFDVHRIFHPHQW6RLOXVHGIRUWKHSURGXFWLRQRIILUHGEULFN






WKH FXULQJ WHPSHUDWXUHDQG WLPHZHUH VLJQLILFDQWZLWK UHVSHFW WR WKHGHYHORSPHQWRIFRPSUHVVLYH
VWUHQJWK
,WKDVEHHQGHPRQVWUDWHGWKDWFRPSUHVVLYHVWUHQJWKRIQRQFDOFLQHGPDWHULDOVVXFKDVNDROLQLWHFDQ
EH LQFUHDVHGZLWK WKHDGGLWLRQRIFDOFLQHGPDWHULDOV LQFOXGLQJVODJIO\DVKDQGPHWDNDROLQ;X	
9DQ'HYHQWHU
+HDWKHWDOETXHVWLRQVWKHIXWXUHDYDLODELOLW\RIVODJDQGIO\DVKDVDOPRVWDOORIWKHVODJLV
DFFRXQWHG IRU LQ3RUWODQGFHPHQWEOHQGV DQG IO\ DVKSURGXFWLRQZLOO GZLQGOH LQ WKH8.GXH WRD
UHGXFWLRQLQUHOLDQFHRQFRDO0HWDNDROLQFDQEHFUHDWHGE\KHDWLQJNDROLQWRDSSUR[LPDWHO\&
EXW WKHUH DUH DVVRFLDWHG GHWULPHQWDO HQYLURQPHQWDO LPSDFWV 7KHUH LV GLIILFXOW\ LQ TXDQWLI\LQJ WKH
HQYLURQPHQWDO LPSDFWV RI PHWDNDROLQ +DEHUW HW DO  EXW DUH H[SHFWHG WR EH VLJQLILFDQWO\
EHWWHUWKDQWKHHTXLYDOHQWPDVVRIFHPHQWPDQXIDFWXUH*OREDOZDUPLQJJDVVHVDUHRQO\UHOHDVHGLQ









DORQJ ZLWK NDROLQLWH DV SUHFXUVRUV ZDV LQYHVWLJDWHG E\ ;X DQG 9DQ 'HYHQWHU   7KH
JHRSRO\PHULVDWLRQ RI  QDWXUDOPLQHUDOVZHUH LQYHVWLJDWHG WKURXJKFRPSUHVVLYH VWUHQJWK WHVWLQJ
;X DQG 9DQ 'HYHQWHU  FRPPHQW WKDW WKHPHDVXUHG FRPSUHVVLYH VWUHQJWK VDPSOHV DUH QRW
UHSUHVHQWDWLYHEXWLQGLFDWLYHGXHWRWHVWLQJRIîîPPFXEH6WUHQJWKVUDQJHGIURPWR
1PPDQGDOOPLQHUDOVZHUHFRQVLVWHQWO\KLJKHULQWKHSUHVHQFHRISRWDVVLXPK\GUR[LGHUDWKHU




'DYLGRYLWV  GHPRQVWUDWHG WKH SRWHQWLDO RI XVLQJ VRLO DV WKH SUHFXUVRU ZLWK DQ DONDOLQH




DONDOLQH DFWLYDWRU +LJKHU FRPSUHVVLYH VWUHQJWKV FDQ EH DFKLHYHG ZLWK LQFUHDVLQJ DPRXQWV RI
DFWLYDWRURULQFUHDVLQJWKHWHPSHUDWXUH
&RQVLGHULQJ WKDW VLJQLILFDQW FRPSUHVVLYH VWUHQJWK FDQEHDFKLHYHGE\XVLQJDQDONDOL DFWLYDWRURQ
FOD\PLQHUDOVWKHQWKHUHLVSRWHQWLDOIRUPHFKDQLVPWREHXWLOLVHGWRVWDELOLVHEULFNVRLO/LWHUDWXUH









































IRU VWDELOLVDWLRQ RI WKLV VRLO UDWKHU WKDQ LQYHVWLJDWLQJ ZKLFK VRLOV ZHUH VXLWDEOH JHRSRO\PHU
VWDELOLVDWLRQ7KLVGRHVSURYLGHDFHUWDLQOLPLWDWLRQDV;X	9DQ'HYHQWHUQRWHGWKDWIRU
XQFDOFLQHG FOD\V ³,W LV VWLOO QRW SRVVLEOH WR SUHGLFW TXDQWLWDWLYHO\ZKHWKHU RU QRW D VSHFLILF 6L±$O
PLQHUDOZLOOLQGHHGEHVXLWDEOHIRUJHRSRO\PHULVDWLRQ´
7KH VRLO KDV D6L$O UDWLR RI DQGKDV D ODUJH DPRXQWRI LURQSUHVHQW7KHSUHVHQFHRI LURQ LV
VLPLODU WR WKH ODWHULWLF VRLO XVHG E\'DYLGRYLWV  DQG DOWKRXJK WKHPRODU UDWLR LVZLWKLQ WKH
UDQJHXVHGE\;XDQG9DQ'HYHQWHU  WKLV LVEDVHGRQ WKH;5)UHVXOWV WKDW LQFOXGHVLOLFRQ
ZLWKLQWKHTXDUW]7KLVVWXG\LVWRLQYHVWLJDWHWKHVRLOWKDWLVXVHGIRUWKHEULFNPDQXIDFWXUHIRUWKHLU
VXLWDELOLW\ WREHXVHG IRUJHRSRO\PHULVDWLRQ7KHUHDUHPDQ\GLIIHUHQW W\SHVRI VRLOV WKDWDUHXVHG
ZLWKYDU\LQJPLQHUDORJLFDODQGFKHPLFDOFRPSRVLWLRQEXWWKHIRFXVRIWKLVSDSHULVRQMXVWWKLVRQH
VRLO
7KH JHRSRO\PHUV DFWLYDWRUV WKDWZHUH XVHG IRU WKLV VWXG\ LQFOXGH VRGLXPK\GUR[LGH 1D2+ DQG





DQ DOWHUQDWLYH PHWKRG RI VDPSOH SUHSDUDWLRQ ZDV GHYHORSHG 7KH VPDOO VFDOH H[WUXVLRQ PHWKRG
UHTXLUHVDVLJQLILFDQWTXDQWLW\RIPDWHULDO WREHUHTXLUHGDQGFRQFHUQVRIVHWWLQJDQGLQVWUXPHQWDO
GDPDJHPHDQWWKDWDGLIIHUHQWWHFKQLTXHZDVXVHG
,QLWLDOO\ WKH VRGLXP K\GUR[LGH LV GLVVROYHG LQWR WKH UHTXLUHG DPRXQW RI ZDWHU DQG WKH VROXWLRQ
DOORZHGWRFRRO7KLVLVWKHQDGGHGWRWKHVRLODQGLVPL[HGDFFRUGLQJWR%6(1
7KLV PHWKRG RI PL[LQJ ZDV FKRVHQ DV LW FORVHO\ UHSUHVHQWV WKH PHWKRG XVHG IRU LQGXVWULDO
PDQXIDFWXUHRIEULFNV7KHSURFHVVRIIRUPLQJIROORZLQJPL[LQJLVODUJHO\FRQWLQXRXVDQGDVVXFK






2SWLPXP0RLVWXUH&RQWHQW7KH VWUHQJWKRI HDUWKHQFRQVWUXFWLRQ LVGHSHQGHQWRQ WKHFKHPLFDO




SURFHVV 7KHUHIRUH WKH GHVLUHGPRLVWXUH FRQWHQW RI WKH VDPSOHV LV WKH VRLO¶V SODVWLF OLPLW DW 
0DVNHOOHWDO$Q\DGGLWLYHWRWKHVRLOLVOLNHO\WRFKDQJHWKHSODVWLFOLPLWDQGWKHUHIRUHWKH






ZLWK HOHYDWHG WHPSHUDWXUHV DQG DFFHOHUDWHG GU\LQJ$OO WKH VSHFLPHQVZHUH OHIW GU\LQJZLWKLQ WKH





DQG 0RUHO HW DO  GLVFXVVLQJ PHWKRGV RI WHVWLQJ &(%V )RU WKLV UHVHDUFK FRPSUHVVLYH
VWUHQJWKV ZHUH FDOFXODWHG E\ FUXVKLQJ XQFDSSHG VSHFLPHQV DQG UHFRUGLQJ WKH SHDN FRPSUHVVLYH
ORDG
6SHFLPHQVZHUH WHVWHG DW  GD\V DQG XQGHU YDU\LQJFXULQJ FRQGLWLRQV2QH JURXS RI VSHFLPHQV
ZHUHDLUGULHGDW&DWUHODWLYHKXPLGLW\ZKLOHWKHRWKHUWKHVDPSOHZDVIXOO\LPPHUVHGLQ
GLVWLOOHGZDWHU IRUKRXUVSULRU WR WHVWLQJ7KHVHUHSUHVHQW WHVWLQJWKHVSHFLPHQVµGU\¶DQGµZHW¶
FRQGLWLRQV UHVSHFWLYHO\ 0DVNHOO HW DO  FRPPHQWV WKDW ODFN RI VDWXUDWHG VWUHQJWK RI HDUWK




7KHUH ZDV QRWLFHDEOH YDULDELOLW\ LQ WKH ZRUNDELOLW\ RI WKH YDULRXVPL[HV 7KLV FDQ EH VHHQZLWK
UHVSHFW WR WKH VXUIDFH ILQLVKDV LQ)LJ  ,QSDUWLFXODU WKHVRGLXPK\GUR[LGHDQGVRGLXP





 DQG )LJ  7KH FRHIILFLHQWV RI YDULDWLRQ IRU WKHPHDVXUHG FRPSUHVVLYH VWUHQJWK WHVWV ZHUH DOO
EHORZ7KHFRQWUROVDPSOHFRQVLVWHGRIWKHVDPHEULFNFOD\ZLWKQRDGGLWLRQDOVWDELOLVHUDGGHG









EULFN UHVXOWV SUHVHQWHG E\0DVNHOO HW DO  7KH  GD\ FRPSUHVVLYH VWUHQJWKV IRU IXOO VFDOH
VFDOHEULFNVZLWKD&DQG&FXULQJUHJLPHDUHDQG1PPUHVSHFWLYHO\6WUHQJWKV
DFKLHYHG E\ WHVWLQJ WKH F\OLQGHUV UHSUHVHQW  DQG  RI WKH PHDVXUHG EULFN VWUHQJWK 7KH
YDULDWLRQLQVWUHQJWKFRXOGEHDWWULEXWHGWRGLIIHULQJIDFWRUVLQFOXGLQJGHQVLW\PRLVWXUHFRQWHQWDQG
DVSHFWUDWLR








GXH WR WKH JUHDWHU VXUIDFH DUHD WR YROXPH UDWLR7KH DYHUDJHPRLVWXUH FRQWHQW RI WKHXQVWDELOLVHG
F\OLQGHUV LVDQGIRU WKHDQG&FXULQJUHJLPHUHVSHFWLYHO\ZKLFK LVVLJQLILFDQWO\
ORZHUWKDQWKHIXOOVFDOHEULFNV
7KHDVSHFWUDWLRRIWKHF\OLQGHUVLVZKLOHDEULFNVDVSHFWUDWLRLVZKLFKLVOLNHO\WRFDXVH
YDU\LQJ SODWHQ UHVWUDLQ HIIHFWV 7KH HIIHFW RI SODWHQ UHVWUDLQW GHFUHDVHV ZLWK LQFUHDVLQJ GLVWDQFH
EHWZHHQWKHSODWHQV0DVNHOOHWDOGHPRQVWUDWHGWKHHIIHFWRIDSSDUHQWFRPSUHVVLYHVWUHQJWK
ZLWKYDU\LQJDVSHFW UDWLRVRIEULFNV$OWKRXJK WKHFURVVVHFWLRQDODUHDVEHWZHHQ WKHF\OLQGHUVDQG
EULFNVGLIIHU WKHFRUUHFWLRQ IDFWRUVSURYLGHGE\0DVNHOO HW DO FDQEHXVHG WRHVWLPDWH WKH
HIIHFWRIDVSHFWUDWLR7KHGLIIHUHQWDVSHFWUDWLRDFFRXQWVIRUDSSUR[LPDWHO\RIWKHYDULDWLRQLQ








VWUHQJWK FRPSDUHG WR WKH XQVWDEOLVHG VSHFLPHQV ZLWK WKH VSHFLPHQV FRQWDLQLQJ  VRGLXP
K\GUR[LGHDQGVRGLXPVLOLFDWHJLYLQJDVLJQLILFDQWFRPSUHVVLYHVWUHQJWKUHGXFWLRQ
2QO\ WKH VSHFLPHQVZLWK VRGLXP VLOLFDWH DUH VWDWLVWLFDOO\ VLJQLILFDQWO\ GLIIHUHQW LQ VWUHQJWKGXH WR
FXULQJZLWKDSYDOXHRIDWZRWDLOHGWWHVWRIOHVVWKDQ7KHPD[LPXPVWUHQJWKDFKLHYHGZDV
1PPE\ WKH VSHFLPHQV FRQWDLQLQJ  VRGLXPK\GUR[LGH DQGVRGLXPVLOLFDWH7KLV LV
ILYHWLPHVWKHVWUHQJWKRIWKHHTXLYDOHQWVSHFLPHQVWKDWZHUHXQKHDWHG
,W LV FOHDU IURP )LJ  WKDW WKH FXULQJ WHPSHUDWXUH LV FULWLFDO ZLWK UHVSHFW WR ZHW FRPSUHVVLYH
VWUHQJWK2QO\WKHVDPSOHVWKDWZHUHFXUHGDW&FRXOGEHPHDVXUHG7KHFRPSUHVVLYHVWUHQJWKV
DFKLHYHGDUHQHJOLJLEOHFRPSDUHGWRWKHLQLWLDO1PPPLQLPXPVWUHQJWKFULWHULRQ
(IIHFW RI *HRSRO\PHULVDWLRQ7KH FRQWULEXWLQJ IDFWRUV WR D VXFFHVVIXO VWDELOLVDWLRQ XWLOLVLQJ WKH
JHRSRO\PHULVDWLRQPHFKDQLVPFDQEHHYDOXDWHGXVLQJWKHFRPSUHVVLYHVWUHQJWKV6LQFHWKHVDPSOHV





VRGLXP VLOLFDWH WR WKH  DQG  VRGLXP K\GUR[LGH VROXWLRQV UHVXOWHG LQ D  DQG  1PP
VWUHQJWKLQFUHDVH
7KHUHZHUHRQO\WKUHHVDPSOHVRIVSHFLPHQVWHVWHGZLWKVRGLXPK\GUR[LGHDQGYDU\LQJDPRXQWV
RI VRGLXP VLOLFDWH VROXWLRQ ,W LV FOHDU IURP )LJ  WKDW LQFUHDVLQJ WKH DPRXQW RI VRGLXP VLOLFDWH










7KH VWUHQJWK LQFUHDVH LV GHSHQGHQW RQ VHYHUDO YDULDEOHV EXW ZLWKRXW XQGHUVWDQGLQJ WKH HIIHFW RI
WKHVHYDULDEOHVWKHFRPSUHVVLYHVWUHQJWKFDQVLJQLILFDQWO\GHFUHDVH
7KLVVWXG\KDV LQGLFDWHG WKDWFXULQJ WHPSHUDWXUH LV WKHPRVW LQIOXHQWLDOYDULDEOHIRU WKLVSDUWLFXODU










VDPSOHV DQG LQKHUHQW YDULDELOLW\ WKHQ WKH VXLWDELOLW\ WR UHSUHVHQW IXOO VFDOH EULFNV QHHGV WR EH
FRQVLGHUHG 7KH SURYLVLRQDO ZRUN SUHVHQWHG KHUH LQGLFDWHG WKDW WKHUH ZDV D UHGXFWLRQ RI
DSSUR[LPDWHO\  LQ GHQVLW\ EXW LV VLJQLILFDQWO\ HIIHFWHG E\ WKH GLIIHUHQFH LQ DVSHFW UDWLRV7KH
F\OLQGHUVUHSUHVHQWDQDYHUDJHVWUHQJWKRIRQO\RIWKDWFRPSDUHGWRIXOOVFDOHEULFNV
7KLVZRUN KDV VKRZQ WKDW DGGLWLRQRI DONDOLQH DFWLYDWRUV IRU VWDELOLVLQJ DJDLQVW HOHYDWHGPRLVWXUH
FRQWHQWV KDV EHHQ LQHIIHFWLYH IRU WKLV VRLO LQGLFDWLQJ JHRSRO\PHULVDWLRQ ZDV QRW VXFFHVVIXO
([DPSOHVLQWKHOLWHUDWXUHKDYHVKRZQVXFFHVVIXOJHRSRO\PHULVDWLRQPD\KDYHEHHQDFKLHYHGZLWK
DQRWKHUVRLORUDGLIIHUHQWSURFHVVEXWDVQRWHGLQWKHOLWHUDWXUHLW LVQRWSRVVLEOH WRTXDQWLWDWLYHO\
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 $Q HQYLURQPHQWDO

























>@ 0DVNHOO ' +HDWK $ 	 :DONHU 3  &RPSDULQJ WKH HQYLURQPHQWDO LPSDFW RI
VWDELOLVHUV IRUXQILUHG HDUWK FRQVWUXFWLRQ ,Q12&0$7WK ,QWHUQDWLRQDO&RQIHUHQFH
RQ1RQ&RQYHQWLRQDO0DWHULDOVDQG7HFKQRORJLHV
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>@ 5DKLHU + (VDLIDQ 0 $OGDEVKHK , 6ODW\L ) .KRXU\ + 	 :DVWLHOV - 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 6WUHQJWK DQG HODVWLF SURSHUWLHV RI VWDELOL]HG PXG EORFN
PDVRQU\ XVLQJ FHPHQWVRLO PRUWDUV -2851$/ 2) 0$7(5,$/6 ,1 &,9,/
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>@ :DONHU 3  6WUHQJWK DQG HURVLRQ FKDUDFWHULVWLFV RI HDUWK EORFNV DQG HDUWK EORFN
PDVRQU\-RXUQDO2I0DWHULDOV,Q&LYLO(QJLQHHULQJ

>@ ;X + 	 9DQ 'HYHQWHU - 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,QWHUQDWLRQDO-RXUQDORI0LQHUDO3URFHVVLQJ±
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DQG VRXQGQHVV  %ULWLVK 6WDQGDUGV ,QVWLWXWH 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 &RGH RI
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